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ABSTRACT 
A pulsed sieve plate extraot1on column 1 inoh in 
diameter with 24 plates having a free area or 22~ and spaced 
2 inohea apart was oonatruoted and tested on the system 
water-noetio acid-methyl isobutyl ketone. 
Flooding cbaracter1at1ee and performance data 
were determined at various pulse amplitude-frequency 
products for the system operated with the ketone phase 
oontinuous. Overall plate efficiencies of up to 14~ were 
observed; this 1s in agreement with data reported by other 
investigator,. 
TABLE OF CONTENTS 
Pa.~A No. 
INTROLl; CTI ON • ••••••••••••••••••••••• ••••• •· ••••• 0 1 
D~(rr11: CONSITr.:RATIONS ••.•• , ••••••• , •••••. , • • • • . .• 1 
F' 1 gtir e 1 .••••. • ............................ ·" . t, .. 
F1~r(' 2 ••••••·••••••••••.••·•••••-••••••••• 
Key t o F 1 gur e 2 • • • • • • • • • • • • • • • • • • • • l O 
OPERA·~: Lt~ G PP.OCELURE .............................. .. 11 
PERFORM AN CE TE:S TS . ...... • ....••..••.... , . . . . . . . . .. . 14 
• F1 1 gur e 3 I I • II O '- " I I •. I •. • I ti I I I • f •• • e t I I I. I I U • I 16 
Figure 4 ~IUIIUQltt•ttltllO"l~lllllllo:tlt•t 17 
Table I • • u • • ... • • • • • • • • • • • • • • . • • • • • • • ··• I) ...... 18 
SUGGESTED EXPERIMENTAL PROGRAM.................. 19 
CALI BRA TI ORS u I •••••••• 
.,-,1u11tt•t••••••••••v•"''' 20 
. . 
Figu.re ·5 • ·• .• .., . o • Q" • o •• o •••••••••• °' •••.• o ., 21 
Figure 6 
·11, I . I I O .U I Ci I· 0 0 I I_ I ~ D I I t t I_ II' 0 I " t O I t I V I 22 
Figure 7 o o , , •• o ._ .•.• o ••• , •••••••••• o • • • •. • .. 2:3 
F 1 gu r e 8 • a C'I • • • • • • • • • • . • • •. • • • • •. • o • .• o • • • • • o 2 4 
Figure 9 •••oy••o•o••9.tOltt••OOl·.••o·~·o•••• 25 
,. ·-· q ~ •. ) .• (.:,·: 
(cont'd.} 
Page No. 
RE~CE.'3. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2 6 
CAI,CULA.'l'IOH. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2'7 
Pi g11:re 10 ••••••••••••••••••••••••••• , , • 50 
VITA •••••••••••••••••••••••••••••• • • • • • • • • • • • • • 31 
I j 
. . . . . ..... 
. . . . ......... . 
. ..... . 
. . . ... 
•• t t O t t • I e O I o 
....... 
. . .... 
.... 
...... 
_. :. ___ ·-=---=--.:_.": ___ --·--
' /•,, 
. .... 
---------- -
INTRODUCTION 
A pulsed sieve plate column 1e essentially a 
oonvential plate column with smaller holes and without down-
oomers, but with the addition of a pulse generator. Thia 
pulse generator alternately surges the contents or the col\lllll 
1n an up and down motion. On the proper stroke or the pulse 
the dispersed phase is propelled through the continuous 
phase from one plate to the next. That is, if the light 
phase is dispersed it goes up from one plate to the next 
on the upward stroke of the pulse, and if the heavy phase 
le dispersed it goes down one plate on the downeurge or the 
pulse. 
The main advantage or the pulsed column over the 
conventional type of packed or sieve tray column ie the 
reduction in contact area made possible by its increased 
efficiency. This increased efficiency is brought about by 
the greater interfaoial area whieh the pulsing produces, 
and by the more thorough intra-phase mixing which reduces 
considerably the possibility of concentration gradients 
within each phase. Another property of the pulsed sieve 
plate column which may be advantageous in certain instances 
1s the fact that no oounterourrent flow is possible unless 
a pulse is applied. Therefore the column may be shut down 
by stopping the teed streams and the pulser, leaving two 
1. 
~~--- -----------· --·· 
1eparate phases on each traJ. The adTantage 1a that when the 
column 11 restarted lese time 1a required to reeatabli1h 
equ111br1un. 
The major disadvantage of the pulsed column la the 
•• 
increase 1n 1a1,1a1 ooat which 11 brought about bJ the 
necessity tor 1ome type of pulse generator, Also, pulsing 
cannot be used with those syste!DJI whioh tend to form emul1ion1 
easily. 
The advs.ntage of size reduot1on which has already 
been discussed is, or course, apparent, since the initial 
cost of equipment is usually dependent to a large extent 
upon its size. However, in the field of nuclear engineering, 
where the teed etrea.ms are usually radioactive, there are 
two additional reasons for keeping the equipment size down -
shielding requirements and the possibility of a eritlcal·ty 
accident. 
Therefore, it is not surprising that the intro-
duction of pulsing 1n liquid-liquid extraction processes la 
primarily the result of work done 1n the field of atomic 
energy. For this reason, although muoh of a general nature 
has been published on the subject, there is a very limited 
amount ot highly technical unclassified information available 
on plant scale pulsed columns. 
Two plants using full sized pulse columns which 
have been described in the literature are the u. s. Atomic 
Energy COJllll111ion•1 Fernald, Ohio plant operated bJ the 
National Lead Company (1), and the AEC'• Oak Ridge, Tenne11ee 
plant operated by the Union Carbide Nuolear Company (2) 
There 11 a ooneiderable wealth or information 
available on laboratory scale pulse columns, however. The 
system used 1n this study, water-acet1o acid-methyl 1sobutyl 
ketone, 1s the one moat frequently used 1n evaluating pulse 
columns, and results are available for both sieve plate and 
packed columns. 
Results or this study are compared with those or 
Belaga and Bigelow (3) and Chantry, Von Berg, and Wiegandt 
(4) in the section on Performance Tests. 
a. 
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DESIGN COHSIDERATIO!S 
A achematio diagram or the entire system la ahoWD 
in Figure 2. 
The design of the pulse column was based on the 
completely arbitrary decision to use a oolumn of l inoh 
diameter. Thia was the smallest diameter which had been 
,. 
used by previous investigators (5,6}, and therefore repre• 
sented the optimum sate size for reasonably large throughputs 
in units of 00 ~ with fairly small requirements for 
hr.ft 
storage of feed and produot. 
The contacting section of the oolumn was made 4 rt. 
high, since this was a standard length and representative of 
columns reported in the literature. In order that the action 
or the pulse might be clearly seen during the extractioa 
operation, glass pipe was chosen as the column construction 
material. End sections were 1 in.-2 in. glass bell reducers 
6 inches long, chosen because the1 were stsndard sizes easily 
available and had proved adequate in previous investigations. 
The sieve trays were made from 18 gauge stainless 
steel with 0.067 in. holes as shown 1n Figure 1. The holes 
represent 22% of the plate area, a figure which la generally 
accepted as being the optimum free area. The plates ere 
strung on a 1/a" stainless steel rod and separated trom each 
other bJ spacers 2 inohes long made of 1/4• stainless steel 
tubing. 
• 
:J 
" 
/ 
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With the oolumn detail• decided upon, the pump 
and rot8lleter requirement, were determined fro• the following 
equation given by Edwards and Byers (6) for incipient 
flooding due to inadequate pulsing: 
{Eq. l) UL G 
L = heavy (aqueous) phase flow rate cc min 
) co G = light (organic phase flow rate iiiiii 
e • G r,Vp 
Vp • pulsed volume velocity min (amplitude 
rs. 
ems X frequenoy mles X column area om2) 
cycle 
In order to determine the pulsed volume velocity 
for use in this equation a value or 60 if!les was chosen for 
the frequency because this is the usual frequency ueed at 
Oak Ridge ( 7). The largest pulse amplitude used at Oak Ridge, 
o.9 in., was chosen in order to make Vp and, therefore the 
teed rates, as large as possible. This minimized the possi-
b111ty of underdesigning the pWIJ)S and flow meters. Then: 
Vp = 60 czcles o.9 1n. ODl CSA min cycle 2.54 In. 
Vp • 60 :Clea o.9 1n1 c7cle 2.54 °• In. 
~2.s•}2 
4 
Vp • 693 iii 
\ 
' ,•• 
' 
·' j•· 
S1noe both flow rates were unknown, it was neoe1• 
lar"f to assume some relationship between thea. For the 
purpose or tbia oaloulation, it was as awned that both rat ea 
were equal, that L z o. 
Equation (1) then becamei 
Since: 
and: 
~ rr T 
cosh 8 
9 
e 
Vp 
0.21s 
G = L 
• 
Cl 
• 
1:11 
= 
• 
coah & 
~ 
4.71 e 
0.215 
G 
TT Vp 
69:3 ~ 
min 
G 
693 rr 
417 i!n 
J 
The reed pump ehosen was a Milton Roy Duplex 
Proportioning Pump with a 5/8" diameter plunger, a continu-
ously adjustable stroke length frOJn 0•3 in. on each side, 
and a maximum capacity or !500 !~ per side. The rotemetere 
were made by the Brooks Rotemeter Company end also had 
capacities of 500 ~ • 
e. 
, 
'i. 
' 
:1 
J' ' ' 
The feed and product tanks were 10 gallon stainlee1 
steel tenke which were large enough to permit continuous runs 
or about 2 houri at 76~ or the theoretical flooding througb-
put. All feed and product lines were 1/4 in. stainleee steel 
tubing. 
The pulse generator chosen we.8 a Milton Roy Simplex, 
Controlled Volume Pump with a 6/8 in. diameter plunger, a 
continuously adjustable stroke length from 0-5 inches, and a 
continuously adjustable drive which permitted frequency 
adjust•ents of from 0-90 cycles/min. This piece of equipment 
was essentially a positive displacement pump and was converted 
to a pulse generator by removal or the check valves and 
plugging of the inlet port. The pulse it generated was always 
sinusoidal. 
Light and heavy phase feeds were introduced at 
points just below the bottom plate and just above the top 
plate, respectively. The pulse was impressed on the heavy 
phase process solution at a point 1n the end section about 4 
inches below the bottom plate. Effluent streams were removed 
at the very ends of the calming sections so that the phases 
might have as long a period as possible for disengagingo 
Pulsations 1n the feed streams caused by the action 
or the feed pumps rather than the pulser were removed by 
surge tanks located between the pumps end the rote.meters. 
• 
't·. }~ 
* 
The location or the pr1no1ple 1ntertaoe which 
determined wh1oh or the two pbaaee was continuous (organi• 
1t at the bottom, aqueoue it at the top) w1.1 set bf the 
height of a vented tenon j eckl•i on the aqueotl8 effluent 
line, 'l'hi1 effluent line was alao fitted with a check valve 
to prevent licpid from draining out of the jack.leg on the 
down surge of the pulser. 
e • 
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FIGURE l DIAORAfl. OF SIEVE TRAY 
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KEY TO FIGURE 2 
1 
-
Aqueous teed tank 
2 
-
Organic teed tank 
5 Duplex reed PUIIP 
• - Surge tanks 
6 
-
Rotametera 
6 
-
Pulse oolumn 
7 
-
Vents 
8 
-
Check valvee 
9 
-
Vented tank at top of jackleg 
10 
-
Organic product tank 
11 Materials handling pump for any transfer 
neeeea1t1es that may arise 
12 
-
Pulse generator 
. .,,,.,.,., .... ,.·: '' ,. ,,., ,1 .... 1: 
OPERATIIG PROCBOORJ 
In order to begin operation when the column 11u 
emptyin!, the teed pUJIIJ)I were turned on, the aqueous reed 
stroke length adjustment dial set at 100, the organic teed 
dial set at o, and the black-handled valves beneath the 
rotametera opened wide. When flow was indicated on the 
aqueous teed rotameter, the aqueous reed dial was set for 
u. 
the desired flow rate. Most or the aqueous reed which entered 
the column remained 1n the upper oe.lming section, but a small 
mount trickled down the walls or the column and through the 
holea 1n the plates to torm a puddle 1n the lower end section. 
When the liquid leYel in the lower end section covered the 
tube through which the pulse 11a1 impressed, the pulse 
generator was turned on, the desired amplitude set on the 
dial and the proper frequency set on the speed oontrol. 
(Note: '!'he speed control must not be adjusted unless the 
motor is running.) 'Hie action or the pulse in the ooluma 
waa enough to permit the aqueous teed to displace the air 
and the column began to till rapidly. 
As soon as the pulse was adjusted, the organic feed 
dial was set at 100. When flow was noted on the organic teed 
rotameter, the organic teed dial was set for the desired 
tlow, and the oolWlll'l allowed to till. 
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The prinoiple interface waa adjusted 10 that it 
••• in the lower end section by means ot the flexible jaok• 
leg (it could haTe been maintained in the upper end section 
it the ). olcleg had been longer). 'rhe column wu now operat-
ing properly and was permitted to reach equilibrium - a 
proces1 whioh generally took about 50 a!nutes. During this 
period, it we.a often neoe11ary to adjust the height or the 
interface, beoauae the density or the material 1n the oolUIID 
changed as the system approached equilibriUJle 
While the system was equilibrating, samples were 
taken from each reed tank and titrated with o.5N N•OH. A 
11. 
6 al aliquot w!.8 used ror the aqueous feed and a 50 ml 
aliquot for the organic feed. Feed densities were determined 
on a Westphal balance. 
At the end or 30 minutes, a sample of eaob product 
stream was taken and titrated with 0.5N NaOH. In order that 
a material balance Jlight be made, a 50 oc volume or eaob 
product stream was timed with a stop watch. After 10 minutes, 
this process was repeated on the organic effluent stream. 
If the two values agreed, aqueous samples were taken and this 
condition accepted as equilibrium. If the sample• did not 
agree, the system was permitted to run for 10 minutes and 
the process repeated until agreement of 2 consecutive samples 
waa reached. 5 Ill aliquots ot both streams were used for 
titration• and densities ot all sample• were determined oa 
the Westphal balance. 
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It desired, change• 1n flow rates and pula• 
oharaoter11tio1 were mnde on the system without abutting it 
down. It waa only necessary to repeat the prooe11 tor 
reaching and determining equilibrium. 
When the oolumn wae shut down, the teed pump• were 
turned ott, the bls.ok-handled valve on the panel ll>srd closed, 
and the pulse generator stopped. It the oolUlllll were to be 
restarted with the same teed, it was not drained, but when 
draining was neoeesary, it was done through the flexible 
). okleg by removing the e topper from the small vented tank 
at the top ot the jeokleg and lowering that part of the jack-
leg oonnected to the stopper so that the column drained by 
gravity into some container. 
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PKRPORIANCI TBSTS 
Two different types of teats, flooding and extraction, 
were made on the column, 
In a pulsed column, nooding oan occur tor one or 
three reasons z 
(1) Excessive throughput 
(2) Kxoeeaive pulsation 
(5) Inadequate pulsation 
Excessive throughput causes flooding 1n the column regardless 
of the pulse SJ1plitude or frequency, and 1s characterized by 
the visible entrainment of large droplets or one phase in 
the effluent line intended for the other, Some slight en-
trainment of a wrong phase in an effluent line was not 
considered to be flooding; at the flooding point the presence 
of the wrong phase 1n an effluent line was wmdst&kable, At 
any throughput lower than that at which total flooding ooours, 
there is a.range or pulse amplitude-frequency products within 
which the oolUJIJl operates satisfactorily without tlood1ng. 
Neither pulse amplitude nor frequency alone 1a controlling, 
but it is the product of the two expressed as pulse volUJlle 
velooity which 1a important (6), 
When the column floods because the pulse is ex• 
cesaive, the result is exactly the same as that which occurs 
during tlood1ng due to excessive throughput, 
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On the other hand, flooding due to inadequate 
pul11n.g 11 obaraoterized by a slow reoeaaion of the prino1pl• 
intertaoe dOlfllward in the column, and a simultaneo\18 build-
up of the heavy phase in the region above the top plate. 
'l'be flooding ohs.raoteriatioa or the column used in 
this study are shown in Figure 3. 
The results of the extraction tests made on the 
oolWID are shown in Figure 4. These agree quite well with 
the data of Chantry, Von Berg, and Wiegandt (4) ror their 
sieve plate column, and the shape or the curves agree 1n 
geaeral with the more extensive results obtained from a 
paoked oolumn by these same investigators. That ia, they 
found that the H.E.T.S. in their packed oolumn reached an 
almost constant value when plotted against throughput at a 
point just below flooding, In this study, the overall stage 
efficiency approached a constant value at the higher through-
puts, a condition equivalent in a sieve plate colwnn to that 
observed by Chantry, Von Berg and Wiegandt (4) in a packed 
column • 
• 
FIGURE 3 FLOODING CHIBACTERISTICS 
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TABLE I 
Operati.ng Data 
Acid Concentration•• Wt. ~ RAC Peed co 
llater~a1 
Ratea min Pulse Ba1anoe 
No.or 
Ketone Aqueous Ketone Aqueous Ketone Aqueous ci!~~a amp. wt.out Theo. Stage e1'-l'eecl Feed E:t'fiuent E:t'f'l.uent ~chea wt. Iii Stages tt1.o14R'J5'C 
0 J.9.50 12.46 7.00 62.6 62.5 21.6 o.665 1.068 2.809 11.70 
0 19.60 12.02 6.96 62.5 62.5 27.8 o.665 1.062 5.077 12.ao 
0 19.50 l.3.29 6.86 62.6 62.6 55.7 o.&65 1.068 5.218 15.40 
0 J.9.50 13.39 6.72 62.5 62.6 39.7 o.665 1.070 5.271 l.'5.62 
1.04 16.51 11.06 7.06 87.5 87.5 21.5 o.685 1.002 5.000 Ut.&O i.o.- 16.Sl. 11.35 6.79 87.5 87.5 27.8 o.sas o.998 5.55'5 l.'5.89 
1.0, 16.51 11..46 6.67 87.5 87.6 55.7 o.ass o.994 5.401. 14.19 
1.04 16.61 11. • '57 6.76 87.5 87.5 59.7 o.865 0 .99<& 5.686 16.59 
o.92 l.9.19 11.75 6.97 75.0 76.0 21.5 o.665 l. .1.1.1. 2.834 11. 79 
o ••• u.19 12.08 a.as 75.0 75.o 27.8 o.885 1.099 '5.048 12. '72 
o ••• 19.l.9 12.19 6.79 75.o 75.0 53.7 o.665 1.095 s.1.M 1s.1.2 
0.92 19.19 12.29 6.64 75.0 75.o 59.7 o.sss 1..095 5.&06 14.00 
o.s9 2'5.40 15.32 7.49 1.00.0 100.0 21.5 0.666 0.920 5.540 15.92 
o.ee 23.38 15.54 7.41 100.0 100.0 27.8 o.665 o.919 5.592 1.,.12 
o.ee 23.58 15.70 7.32 100.0 100.0 35.7 o.665 o.914: 5.565 14.86 
o.ee 23.'58 1.5.88 7.21 100.0 1.00.0 59.7 o.665 o.919 5.770 15.71 
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SUOGKS'l'lID EXPERIIKNT .lL PROGRAl 
It is reooJ1D1ended that extraction atudie1 be made 
u1ing the water-acetic acid-methyl 11obutyl ketone syst .. 
with the aqueous phase continuous. Greater extraction er-
ficienoy should probably result (f). 
11. 
At some tutu.re time, studies may be conducted ·Using 
different plate spacings or geometries to determ.lne the 
erreot on stage errio1enoy. 
Since all tests conducted, thus rar, have used 
equal volwnetric flow rates or the phases, it may be worth 
while to ve:l'y one or the flow rates to determine the effect 
on etfioienoy. 
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C.ALIBRATIOIS 
Calibration curves tor the reed rotameters and 
the reed pwap 1troke length adjustment dials are given 1n 
Figures 5, 6, 7, and a. 
The calibration curve for the speed control on 
the pulse generator is given 1n Figure 9. 
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CALCULATIOI 
The percentage or acetic acid 1n sny stream was 
determined from the following equation: 
Ex8mple: 
~ HAC • 
VI 
-v' 
60.02 
1 1 p To 
V m Volume of NaOH used 1n titration (00 1 1) 
N = Normality or N80H uaed 1n titration 
v' • Volume or acid sample titrated (cc's) 
p = Density or acid sample &!! co 
The aqueous reed uaed at the flow rate or 87.5 ~ 
per phase gave the following data: 
S811ple 
(ml!) 
5 
Therefore: 
"RAC • 
Vol. 
NaOH 
(mle) 
~ HAO • 16.51 
Sp 
gr. 
1.0182 
Normality 
of NaOH 
o.soos 
l 
60.02 l.OlS~ 
1 
TI; 
'!be material balance for each run was detel'llined 
by dividing the measured total weight ot material leaving 
i 
l 
1 
I 
I 
r 
·I 
\ 
by th• total weight or material •ntering a1 1nd1oated bJ the 
teed PUIIP stroke length adjustment dials. 
The total weights entering and leaving were 
determined as tollowat 
~ Weight leaving • fJA p' A + 
as. 
VA • Volume or aqueous sample taken 1n cc'1 
eA • Time in aeo. required to take aqueous sample 
or volume VA 
p~ • Doneity of the aqueous eample taken in ~
1 
V
0 
• Volwne of organic eample t&ken in co 
8
0 
m Time fn sec. required to take organic eample 
o! volume V0 
p~ • Density of organic sample taken 1n :::e 
L = Organic feed rate in ;in 
p
0 
• Density or organic teed 1n :/;
8 
N • Aqueous teed rate in~ 
PA • Density or aqueous teed 1n ~ 
BxaaJ)le: 
Run lo. 5 had the tollowing data: 
I 
I 
1 
1 
[ 
' 
! 
Ketone 
teed 
rate 
Aqueoue 
teed 
rate 
Seo/50 cc 
Ketone 
effluent 
Density ot 
Ketone 
teed 
o.8062 
Density or 
Ketone 
effluent 
o.8372 
Den1ity ot 
Aqueoua 
teed 
1.0182 
Density ot 
AqueoWI 
effluent 
1.0067 
Sec/60 oc 
1queou1 
effluent 
Weight leaving = 60 1.0057 + 2~~9 60 0.8572 
Weight leaving = 160.l ~! 
Weight entering• (87.6) (0.8052) + (87.6) (1.0182) 
Weight entering• 159.5 :n~ 
Weight leaving 160.l 
Material balance s Weight entering a 159.5 = 1.002 
The determination of the number of theoretical 
stages was made graphically, and an exSlllple of this is shown 
1n Figure 10. The overall stage efficiency tor each run was 
determined by di vi ding the number ot theoretic al a tages bJ 
the number of actual stages, 2f, and multiplying by 100. 
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